H ardy and colleagues performed the first human lung transplantation in 1963, in which the recipient survived for 18 days but ultimately died of renal failure. 1 Although this event demonstrated the technical feasibility of lung transplantation surgery, it took 20 years before meaningful survival was achieved. 2 In 1981, the first successful heart-lung transplantation was performed in a patient with idiopathic pulmonary arterial hypertension. 3 This was followed in 1983 by the first successful single lung transplantation for idiopathic pulmonary fibrosis 4 and in 1986 by the first double lung transplantation for emphysema. 5 These successes were attributed to improved surgical techniques and the advent of immunosuppression drugs such as cyclosporine. Since then, >50 000 lung transplantation surgeries have been performed. 6 Lung transplantation is now considered the standard of care for a select group of patients with advanced, medically untreatable lung conditions. The International Society for Heart and Lung Transplantation (ISHLT) registry reported around 1900 lung transplantation procedures annually between the years 1993 to 2000, although the transplantation activity showed steady growth later with 4122 adult lung transplantations reported in 2015. The median survival for all adult lung transplant recipients is 6.0 years, according to the 2017 ISHLT registry. 7 The first lung transplantation in Saudi Arabia was performed in 1998. In the last 6 years, the program has witnessed rapid growth. Lungs are recovered from deceased donors after carefully reviewing all donor data offered by Saudi Center for Organ Transplantation. A total of 80 lung transplantation surgeries were performed between 2010 and 2015. Our program presents unique differences from the characteristics reported in the ISHLT registry, 8, 9 and these differences have brought unique challenges. The present study surveyed these challenges and the steps taken by our lung transplantation team to overcome them. The goal of this study was to present the history of lung transplantation in Saudi Arabia and to familiarize the reader with the different aspects of lung transplantation. We reviewed the different outcomes of lung transplantation, including indications, demographics, body mass index (BMI), type of transplantation surgery, complications, and survival.
PATIENTS AND METHODS
Using our institutional electronic database, we performed a retrospective analysis and identified patients who underwent lung transplantation surgery between January 2010 and December 2015. We included all 80 lung transplant recipients operated on during the study period. Ethical approval was obtained from our institutional ethical board.
The data were collected by a trained research assistant and counterchecked by a lung transplantation consultant. All patient charts and hospital electronic database records were reviewed. The outcome variables, including indications for lung transplantation surgery, demographics, body mass index (BMI), blood group, and type of transplantation surgery, were recorded. We used the Clavien-Dindo classification for grading the postoperative morbidities. Grades I and II consisted of minor complications, whereas grades III and IV consisted of complications that required surgical, endoscopic, or radiologic intervention. Grade V included severe complications that resulted in death ( Table 1) . 10 In all recipients, we used standard immunosuppression protocols with steroids, tacrolimus, and mycophenolate mofetil as triple maintenance immunosuppressive medicines after lung transplantation. The prophylactic management included 3 months of antifungal therapy (itraconazole and amphotericin B nebulization), 1 year of antiviral therapy (valganciclovir), and lifelong antibacterial medication (sulfamethoxazole-trimethoprim) after lung transplantation.
All patients underwent surveillance bronchoscopy at 2 weeks, 4 weeks, 3 months, 6 months, and 1 year after lung transplantation, as part of our transplantation protocol to rule out silent lung rejection. Bronchoscopies were also performed whenever clinically indicated to rule out infections or lung rejection.
Bronchiolitis obliterans syndrome (BOS) was defined as persistent airflow limitation without an alternative cause, consistent with accepted international definitions. 11 Airflow limitation was defined as a decrease in the forced expiratory volume in 1 second (FEV1) and the FEV1/forced vital capacity (FVC) ratio, as determined using a pulmonary function test. The baseline value was ascertained after lung transplantation, by taking the average of the two highest values of FEV1 obtained at least 3 weeks apart and without preceding bronchodilator inhalation. A 20% change in FEV1 from the baseline value was defined as significant. Pulmonary function tests are routinely done in all postlung transplantation patients at each clinic visit. BOS was divided into early onset (<2 years) and late onset (>2 years). The BOS-free survival and survival rates (30 days, 90 days, 1 month, 3 months, and 5 years) for lung transplant recipients were calculated. The duration of mechanical ventilation, incidence of bacterial infection, and need for lung volume reduction surgery for lung donors were noted. The statistical analysis was carried out using IBM SPSS version 22 (IBM Corp., Armonk, NY, USA). Frequency and percentages were calculated for categorical variables, and means were calculated for continuous variables.
RESULTS
A total of 80 lung transplants were performed from January 2010 to December 2015. The most common indication was pulmonary fibrosis (45%), followed by noncystic fibrosis bronchiectasis (25%) and cystic fibrosis-related bronchiectasis (20%). The indications in other patients included sarcoidosis (5%) and, in small numbers of patients, chronic obstructive airways disease, pulmonary capillary hemangiomatosis, lymphangioleiomyomatosis, and BOS ( Figure 1 ).
Of the 80 lung transplant recipients, 45% were women and 55% were men. Most lung transplant recipients were young and only 17% were older than 50 years (range 12-65 years). The most common age group was 18-29 years (34%), followed by 40-49 years (18%, Figure 2 ). Only 45% of our lung transplant recipients had a normal BMI of 18-28 kg/m 2 , whereas 37% were underweight (BMI <18 kg/m 2 ) and 18% were overweight (BMI >28 kg/m 2 ).
The most frequent blood group of the lung transplant recipients was A (40%), followed by O (32.5%), B (23.75%), and AB (3.75%). Most (85%) of the lung transplantations were bilateral procedures, whereas 15% were single lung transplantations. Of the 80 lung recipients, 64 had postoperative complications based on the Clavien-Dindo classification. Most of the patients (42.5%) had grade I complications, whereas 6.3% had grade II, 10% had grade III, 5% had grade IV, and 16.3% had grade V complications. Among the 80 transplant recipients, 22 (27.5%) developed BOS, of whom 6 patients (7.5%) had early onset BOS and 16 patients (20%) had late onset BOS. The BOS-free survival among our lung transplant recipients was 72.5% (58 patients). The mortality rate was 12.5% (10 patients) at 30 days and 17.5% (14 patients) at 90 days after lung transplantation. Survival rates at our center were 87.5% at 30 days, 82.5% at 90 days, 81.2% at 1 year, 67.9% at 2 years and 62.1% at 5 years. (Figure 3) .
The mean duration of mechanical ventilation in our lung donors was 9 days. Most of the lung donors (70%) were infected by bacteria, including multidrug-resistant bacteria such as Acinetobacter (26%), Klebsiella (20%), methicillin-sensitive Staphylococcus aureus (15%), and Pseudomonas (12%) ( Figure 4) . The organisms were identified using surgical cultures (bronchoalveolar lavage fluid) obtained using bronchoscopy during the transplantation. 
If the patient suffers from a complication at the time of the discharge (see examples in Table 2 ), the suffix "d" (for "disability") is added to the respective grade of complication. This label indicates the need for a follow up to fully evacuate complication. Lung volume reduction surgery was required in 70% of the recipients. In two cases of extreme donor-recipient size mismatch, bilateral lower lobar transplantations were performed. In 3 other patients, unilateral upper lobe transplantation with contralateral volume reduction was performed.
DISCUSSION
Our lung transplantation program presents some unique differences from the data published in the ISHLT registry and from the published reports in the worldwide medical literature. We highlight these differences in our report. The most common worldwide indications for lung transplantation include chronic obstructive pulmonary disease (COPD) (>40%), pulmonary fibrosis (25%), and cystic fibrosis (16%). 8, 9 However, for lung transplantations performed in Saudi Arabia, pulmonary fibrosis is the most common indication (45%), followed by noncystic fibrosis bronchiectasis (25%) and cystic fibrosis-related bronchiectasis (20%). These pulmonary fibrosis cases were idiopathic with negative results in tests for connective tissue and genetic disorders, and the pathology of the explanted lung showed advance fibrosis with honeycombing and, in some cases, fibrotic nonspecific interstitial pneumonitis and hypersensitivity pneumonitis. Surprisingly, COPD is a rare indication for lung transplantation in Saudi Arabia as compared with other countries, as mentioned above. Smoking is the main risk factor for the development and progression of COPD. Overall, the prevalence of smoking in the adult Saudi population is 21.6% (35% of Saudi men and 4.7% of Saudi women). 12 The prevalence of COPD among the general population in Saudi Arabia is 4.2%, comparable with the reported prevalence rate of 3.6% in the entire Middle East. 13 Interestingly, in patients in Saudi Arabia, COPD does not progress to end-stage lung disease requiring lung transplantation, which is contrary to worldwide reports in which COPD is the most common cause for lung transplantation. More research is needed to investigate whether some genetic or environmental factors are responsible for such a marked difference.
Another unique difference in the lung transplant population at our center is reflected in the patients' age. While most (>50%) of the patients who received a lung transplant in other countries were older than 50 years,9 lung transplant recipients in Saudi Arabia are much younger, with only 17% being older than 50 years. This is because of the nature of end-stage lung disease in Saudi Arabia. Most of our patients were young and had pulmonary fibrosis and bronchiectasis (either secondary to cystic fibrosis or idiopathic).
Nutritional status and BMI represent other challeng- Multiple studies have identified pretransplantation obesity as a significant risk factor for mortality after transplantation, independent of other risk factors. 14, 15 Low BMI has not been considered a risk factor for mortality after transplantation in the ISHLT registry, although a previous study found higher mortality among recipients with a BMI of <18.5 kg/m 2 and another study found a trend of higher 90-day mortality among recipients with a BMI of <17 kg/m 2 . 16, 17 Only 45% of our lung transplant recipients had a normal BMI of 18-28 kg/m 2 , whereas 55% were either underweight with a BMI of <18 kg/m 2 (37%) or overweight with a BMI of >28 kg/m 2 (18%). In Saudi Arabia, a country that has experienced marked nutritional changes and rapid urbanization in recent decades, there is an increasing trend in the prevalence of obesity and overweight both in adults and children. 18, 19 Patients with chronic end-stage lung diseases generally have low BMI because of the nature of lung disease and respiratory failure. Patients with cystic fibrosis and bronchiectasis have a chronic catabolic state attributable to multiple factors, including enhanced proteolysis due to recurrent infection and inflammation, increased energy requirements, defects in insulin secretion and sensitivity, and, in some cases, intestinal malabsorption. In our data, the high prevalence of abnormal BMI is a cause for concern, as both high or low BMI are associated with several complications that increase both morbidity and mortality. 20 The consensus guidelines for recipient selection state that class I obesity (BMI 30-34.9 kg/m 2 ) is a relative contraindication for lung transplantation, whereas class II or III obesity (BMI ≥35 kg/m 2 ) is an absolute contraindication. 21 Unless the BMI is very low (<14 kg/ m 2 ), low BMI alone generally does not preclude transplantation or being included in the waiting list. When patients are considered for lung transplantation referral, the primary physician needs to address their nutritional status, refer the patient to a dietitian, and prescribe nutritional supplements (in some cases, gastrostomy tube insertion may be warranted).
Organs are allocated based on blood group compatibility and the Lung Allocation Score (LAS). 22 Our lung transplant recipients most frequently belonged to blood group A (40%), followed by blood group O (32.5%), blood group B (23.75%), and blood group AB (3.75%). On receiving donor data, patients are selected from the waiting list based on their blood group, human leukocyte antigen type, size matching, and disease severity according to the LAS score. Our waiting time was variable, ranging from a few days to up to 1-2 years depending on the availability of suitable donors, and the rate of mortality while on the waiting list was 18%. The waitlist mortality rate varies among different transplantation centers depending on donor availability and an increasingly sick candidate pool. 23 We used the Clavien-Dindo classification to assess postoperative morbidities. 24 To our knowledge, this is the first study to describe postoperative complications in lung transplant recipients based on this grading system, which is an objective and simple way of reporting postoperative complications. In this classification system, grades I and II include only a minor deviation from the normal postoperative course, and these cases can be treated with drugs, blood transfusion, physiotherapy, and nutritional support. Meanwhile, grades III and IV include cases that require surgical, endoscopic, or radiologic intervention. Because lung transplantation is a major surgery, 64 patients had 1 or more postoperative complications. A substantial proportion of the complications were minor (grade I, 42.5%; grade II, 6.25%), and all these patients recovered without any long-term complications. Eight patients (10%) had grade III complications requiring surgical or radiological intervention, such as bleeding, fluid collection, and hematoma. Four patients (5%) had single-organ or multiorgan dysfunction, such as renal failure with or without a need for dialysis, pulmonary embolism, and critical illness neuromyopathy requiring prolonged stay in the intensive care unit. Thirteen patients (16.25%) with severe grade V complications, including massive hemorrhage, severe graft dysfunction, septic shock, and heart failure, died in the intraoperative or perioperative period. This grading system seems to be useful in recognizing a normal postoperative course from a complicated one; unfortunately, there are no published studies in lung transplantation patients for comparison with our data. This grading system has been used in other surgical operations, as it has clinical impact on the length of hospital stay. 25 During the last 5 years, we observed a decreasing trend in these complications, which is possibly related to a better understanding of the lung transplantation protocols, immunosuppression combinations, and aggressive treatment of infections. Acute allograft rejection is a significant problem in lung transplantation that usually occurs in the first year after the transplantation. Of our patients, 30% developed acute lung rejection. Several factors have been implicated as contributing to the development of acute rejection. 26, 27 Despite advances in induction and maintenance immunosuppression, more than one-third of lung transplant recipients are treated for acute cellular rejection in the first year after the transplantation. Treatment is usually initiated with high-dose parenteral glucocorticoids for 3 days and then switched to oral steroids tapered over several weeks. 28 Acute cellular lung rejection is a major risk factor of the development of chronic lung rejection manifesting as BOS.
BOS is the predominant feature of chronic lung transplant rejection and manifests clinically as obstructive lung disease detected as decreases in FEV1 and the FEV1/FVC ratio. 29 The degree of decrease in FEV1 determines the stage of BOS, and the rate of progression varies among different patients. Although a variety of therapies have been tried for BOS, there is still no well-established protocol among different transplantation centers. BOS remains a major cause of morbidity and mortality after lung transplantation. The rate of mortality associated with BOS ranges from 25% to 55%. 30 The risk of death increases by approximately 3-fold with each increase in the BOS grade. The exact prevalence of BOS is uncertain, in part because of inconsistent definitions used among the various reports and the different lengths of follow-up. Among our lung transplant recipients, 22 patients (27.5%) developed BOS, of whom 6 patients had early-onset BOS (<2 years) and 16 had BOS after 2 years. The BOS-free survival rate was 72.5%; however, the longest survival in our series was still relatively short. Because the occurrence of BOS increases over time, centers with a long experience and large transplantation volume report higher prevalence rates. The largest experience, from the ISHLT registry, reports that 48% of recipients developed BOS by 5 years after lung transplantation and 76% developed BOS after 10 years. 14 A standard deceased lung donor is defined as having an age of 55 years or less, no history of significant lung disease, a non-asthma-related cause of death, a limited cumulative cigarette smoking history (e.g., <20 packs year), a clear lung field on chest radiographs (small atelectasis is acceptable), adequate oxygenation (arterial PaO 2 >300 mmHg at FIO 2 =1.0, 120 mmHg at FiO 2 =0.4, or 150 mmHg at FiO 2 =0.5), no purulent secretions on suction, and a satisfactory gross appearance of the airways on bronchoscopic inspection. 31, 32 Most (>90%) of the lungs provided by deceased donors in Saudi Arabia do not meet the standard donor criteria. The lungs of brain-dead organ donors are susceptible to a variety of injuries, including volume overload, acute lung injury, atelectasis, aspiration-and ventilator-associated pneumonia, contusions, and injuries from prior smoking. The situation with respect to deceased donors appears to be more serious in Saudi Arabia than in other parts of the world. Logistic considerations cause a significant delay in obtaining consent for organ donation and retrieval after the declaration of brain death. The mean duration of mechanical ventilation in our lung donors before or-gan recovery is 9 days. A longer stay in the mechanical ventilator is likely associated with further compromise of the lungs resulting from the above-mentioned disease processes. In addition, most of the critical care personnel working in remote areas of Saudi Arabia are unfamiliar with the management protocol for deceased donors. Prolonged mechanical ventilation and suboptimal infection prevention and control lead to bacterial infection in lung donors. Our data revealed that 70% of the lung donors had positive respiratory cultures for pathogenic bacteria, including multidrug-resistant bacteria such as Acinetobacter (26%), Klebsiella (20%), and Pseudomonas (12%). As intrapulmonary infection has been a major cause of early morbidity and mortality in lung transplant recipients, utilization of lungs from such donors is generally avoided. However, with the use of aggressive antibiotic treatment in both donors and recipients, the incidence of recipient pneumonia has recently decreased substantially. 33 We accept the lungs if there are no infiltrates (consolidation) on chest radiographs or purulent secretions on donor bronchoscopy, and if there is acceptable oxygenation. As most of our donors have bacterial infections, we are now using broad-spectrum antibiotics for recipients. Then, upon obtaining the final culture and sensitivity patterns, we tend to narrow down the antibiotic coverage.
As most of our donors are infected, it is difficult to know the exact incidence of reperfusion injury or primary graft dysfunction, which represents a diagnosis of exclusion. 34 During the last 5 years, veno-venous or venoarterial extracorporeal membrane oxygenation (ECMO) was used in 24% of our lung transplantation patients for primary graft dysfunction (reperfusion injury), with a 30day survival rate of 92% and a 1-year survival rate of 89%. Intraoperatively, 38% of the patients needed cardiopulmonary bypass and 30% required ECMO, either during single lung ventilation to support oxygenation or to stabilize hemodynamics, which was successfully removed at the end of surgery.
The demand for donor lungs by far exceeds the number of available organs, causing substantial waiting list mortality. Donor lungs are particularly susceptible to damage not only from direct external contact but also from the development of neurogenic edema and proinflammatory changes caused by brain death. The worldwide rate of lung retrieval from multiorgan deceased donors is only 15% to 20%. 35 One way to overcome the scarcity of donor organs is to use lungs that do not meet the standard lung donor criteria, often referred to as "marginal donor lungs." 35, 36 Ex vivo lung perfusion (EVLP) is the most recent approach for expanding the available pool of donor lungs. 37 It has been used to recondition and reevaluate marginal lungs in which the PaO 2 remained <300 mm Hg at an FiO 2 of 1 and a positive end-expiratory pressure of 5 cm H 2 O with no other exclusion criteria being met upon assessment by our lung recovery team at the donor hospital. Lungs were accepted for EVLP if inspection revealed no obvious contraindications; otherwise, the lungs were discarded. EVLP was performed following the technique described by Lund's group. 37, 38 The first successful lung transplantation using an EVLP machine was performed at our center in December 2013. This novel technology is expected to expand our deceased donor pool. Thus far, only two patients had received ex vivo conditioned lungs. Although this number is small, we did not notice any difference from the other recipients in terms of graft function, postoperative recovery, and length of hospital stay.
The choice of the surgical procedure (single or bilateral) depends on the underlying lung condition and the availability of suitable lungs. Patients with COPD and fibrotic lung disease can be offered single lung transplantation, whereas those with suppurative lung diseases need bilateral lung transplantation. Recent data have suggested that bilateral lung transplantation offers a long-term survival advantage to younger patients with pulmonary fibrosis. 39 Similar to other studies in the literature, most (85%) of the lung transplantations performed at our center have been bilateral procedures.
Donor-recipient size matching is another important consideration at the time of transplantation. 40, 41 Most of our lung transplant recipients had pulmonary fibrosis with constricted thoracic cages, and a young age. Therefore, the size of their chest cavity was usually smaller than that of full-sized mature donors. At the same time, we encountered a severe shortage of donor lungs. Therefore, it was often not possible to find a suitable size match for many recipients. To prevent a prolonged waiting time and the associated risk factors of mortality while on the waiting list, surgeons often choose to perform lung volume reduction in donor lungs. Volume reduction surgery was required in 70% of our cases. In two cases of extreme donor-recipient size mismatch, bilateral lower lobar transplantations were performed with excellent posttransplantation outcomes. In addition, unilateral upper lobe transplantation with contralateral volume reduction was performed in three patients.
Although the survival rate after lung transplantation has improved worldwide, it remains inferior to that observed after the transplantation of other solid organs. 6, 9 To improve survival after lung transplantation, an in-depth knowledge of the various factors that may affect outcome in this distinct patient group is necessary. Previous reports have documented a significant influence of pretransplantation patient characteristics, surgical risk factors, and posttransplantation course. 42, 43 Postoperative factors such as primary graft dysfunction, BOS, acute lung rejection, and development of infections may significantly affect the overall survival. Our mortality rate after transplantation was 12.5% (10 patients) at 30 days and 17.5% (14 patients) at 90 days. Among these, a few died of massive intraoperative bleeding and others developed severe graft dysfunction and infections. According to the 2016 report of the ISHLT registry,9 adult patients who underwent lung transplantation between January 1990 and June 2014 had a median survival of 5.8 years, with unadjusted survival rates of 89% at 3 months, 80% at 1 year, 65% at 3 years, 54% at 5 years, and 32% at 10 years. Our 1-month, 3-month, 1-year, 3-year, and 5-year survival rates after lung transplantation were 87.5%, 82.5%, 81.2%, 67.9%, and 62.1%, respectively. Our data are comparable to internationally reported survival rates, although our 5-year survival rate seems to be higher, which might be related to the fact that most our recipients were relatively young with less risk of comorbidities.
A successful outcome after a transplantation procedure requires full commitment from the patient, the patient's family, and the dedicated multidisciplinary lung transplantation team. Timely referral and careful selection of candidates for lung transplantation can maximize the outcomes of the procedure, including providing a longer lifespan with improved physical health. On the basis of our experience, we recommend educating general physicians, pulmonologists, and intensive care personnel around Saudi Arabia about the key elements of a standard donor protocol, as well as teaching the general population about the good outcomes of lung transplantation such that families may be inclined to make positive decisions with respect to organ donation.
This study has the limitations of having a single-center retrospective design and a small patient volume. As our center is the only lung transplantation center in the region, more studies are needed to better understand the differences and characteristics we highlighted in our study. The increasing experience of our surgeons, transplant pulmonologists, and intensivists with these patient challenges has resulted in excellent outcomes. In conclusion, lung transplantation has become an invaluable approach for the treatment of end-stage respiratory disease in selected patients, and our 5-year experience demonstrates some exciting possibilities in the field of lung transplantation in Saudi Arabia.
